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1
The land cover fractions (LCFs) and spectral reflectance of photosynthetic The bidirectional distribution function (BRDF) was fitted to the reflectance data and then 8 used to produce reflectance at various measurement geometry. LCFs from these reflectance 9 data for a given combination of , , and were compared with visually determined
10
LCFs. It was found that in the range of 30-45° produced a better agreement of LCFs.
11
For , the agreement is not very sensitive to the choice of angle for the range 30-70°, 12 although = 50° showed a slightly better performance. The azimuth view angle does not 13 have strong influences to the LCF estimation, except for the case of = 180° (view toward 14 the sun), which does not allow precise fitting of BRDF function over a tall vegetation site.
15
Overall, this study verified the results of earlier studies obtained mostly for the American
16
continents that SUM is capable of producing LCF estimates accurately and also found that its 17 accuracy was, in general, much better than that by the more traditional approach of the 18 supervised classification method (SCM) applied to images of a digital camera. However, it has been found difficult to estimate LCFs with traditional approaches. For variations of LCFs is often much smaller than the pixel size of the satellite sensors.
18
As an alternative approach, the spectral unmixing model (SUM) has been developed As outlined above, the general framework of this approach is straightforward, and 3 there is a potential to apply this method to determine LCFs from images taken remotely by 4 the aircraft or satellite. In fact, Asner and Lobel (2000) and Lobell et al. (2002) have 5 successfully tested the applicability of this method with the data set obtained by the airborne 6 instrument above the test sites in US. However, there are several issues that need to be 7 addressed before such an application over even larger areas becomes acceptable. Among 8 them, one concern is a possibility that spectral endmembers that have been found to produce 9 LCF estimates well for one region may not be applicable to other regions. Therefore, 10 careful examinations of this method in a wide range of areas and surface conditions are 11 essential. The SUM approach has been tested mostly in the American ecosystems, and not 12 much is known on the applicability to the other regions of the world.
13
Second, spectral data are usually obtained at a certain combination of sensor view 14 geometry and solar position, and not much is known on the influence of the selection of these 15 angles to the final LCF estimates. For example, the only study that treated the effects of 16 sensor view angles is probably that by Lobell et al. (2002) . They found that the variability 17 in LCFs due to the change of sensor view angle was small when the SUM was applied with 18 hyperspectral images. To our knowledge, the influence of the different solar position on the land cover estimates has not been studied. A common approach to avoid this second issue is 1 to carry out observations at the time of the same or similar solar position. For example, the 2 field observations could be restricted for only around noon of each day in the same season of 3 the year. However, such observation is quite time consuming as only certain portion of the 4 day or season can be spent for actual measurements. Moreover, for satellite or aircraft 5 measurements, this is impractical because the choice of the observation (i.e., overpass) time 6 is limited or nonexistent on the observer's side. For observations to be carried out at any 7 time of the daylight hours, it is necessary to investigate the impact of the solar position to the 8 final estimates. If the effects are found not negligible, it is further necessary to correct or 9 minimize such effect on to the final LCF determination.
10
These are the brief background of LCF estimates by means of the SUM approach.
11
To shed some light on these remaining problems in this approach, particularly on the effects 12 of measurement geometry to the LCF estimates, an attempt was made to use bidirectional 13 distribution function (BRDF) to convert reflectance taken at arbitrary view angles to a 14 predetermined standard condition. This way, the effects of the measurement geometry can 15 be studied in a consistent manner and for the sensor view geometry and solar angles not 16 encountered during actual measurements. For the data acquisition, field experiments were 17 carried out in one of the least studied regions of the world, Asian steppe region in Mongolia.
18
The steppe extends further towards central Asia, and as a whole, it constitutes the largest grasslands belt region on earth (Shiirevdamba, 1998) . Therefore, a test in this region should 1 benefit to increase the extent of areas where the usefulness of the SUM approach has already 2 been established. As a reference of the test of the LCF estimates by means of SUM 3 approach, those estimates from digital camera image based on more conventional supervised 4 classification method (SCM) were also derived. This is one of the methods that is most 5 commonly accepted at present (White et al., 2000) . At the center of each site, a 0.5 × 0.5-m quadrat was constructed, and a land cover survey of 2 the quadrat was carried out. First, the LCFs in terms of the percentages of PV, NPV, and 3 bare soil were visually determined from 1 m above the surface. In the present analysis, they 4 were served as true LCFs to be compared with those from SUM and also from SCM. To were removed by a clipping method, and the digital camera image and spectral radiance data 11 of the soil surface were similarly obtained. Roujean et al., 1992; Rahman et al., 1993a,b; Susaki et al., 2004) . In this study,
14
Rahman's model was adopted as this model can be applied to spectral reflectance data 15 collected both from the field and through remote sensing (Privette et al., 1997; Matsushima et 16 al., 2005) . The BRDF equations are formulated as follows: where R represents the hot spot effect, which is used to describe the peak in reflectance that 4 occurs in the retro-reflection direction when the sun is located directly behind the sensor and 5 shadowing is zero. Three unknown parameters of , and k can be determined 6 through a least squares regression with a set of observed reflectance data. The main equation for the spectral unmixing model can be written by (1). As mentioned,
11
given the values of and three endmembers for at least two different 12 wavelengths, the LCF value C i for PV, NPV, and bare soil should be able to be determined As mentioned, LCF estimates with digital camera images by means of SCM, an 6 example of more traditional approaches, will be used as a reference, against which the 7 performance of SUM will be compared. SCM is a general classification scheme based on As mentioned earlier, for the application of BRDF conversion, Eqs. (2)- (5) were 6 fitted to a set of raw reflectance data for each site to determine the site-specific three 7 parameters of , , and k. Once these parameters are obtained, the conversion is 8 straightforward, and reflectance at any arbitrarily selected combination of angles of 9 measurement geometry, , , and can be produced. To test the performance, the 10 BRDF was determined for each of the 58 sites; then, the converted spectral reflectance data
were reproduced for the 12 combinations of (0, 90, 180, and 270°) and (30, 50, and 70°) for each site. These were compared with those measured raw reflectance at the selected derived-the tied reflectance is the least sensitive to the noise. Therefore, it was also 11 decided to use the tied spectra in the following analysis, and thus, and endmembers 12 in (1) should now represent the mean tied spectra within the sensor's view and the 13 tied reflectance of the i-th land cover component, respectively, both at wavelength .
14 For the implementation of SUM, specific samples whose reflectance (i = 1 15 to 3) are to be used as endmembers for PV, NPV, and bare soil need to be determined. For 16 the NPV, the reflectance of a single NPV sample, which was arbitrarily selected from all NPV 17 samples, was adopted based on the observation that the shape and magnitude of spectra of all
18
NPV samples were very similar. For the bare soil, the reflectance determined at each site smaller, and the target can be treated as homogeneous for larger (Kimes, 1983) . In the 13 following analysis, the standard condition in the application of SUM was selected as = 0°,
14
= 30°, and = 50°.
15
The reflectance obtained at different geometric view was converted to the above 16 condition by means of BRDF before the SUM application. Fig. 6 and (e) are transformed IHS images, and panels (c) and (f) show the SCM classified images. 17
